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LONG-TERM  GOAL 

A  major  goal  of  my  current  high  latitude  oceanographic  research  is  to  improve  understanding  of 
thermodynamic  coupling  of  the  atmosphere  and  ocean  when  sea  ice  is  present.  Improved 
understanding  of  the  physical  processes  will  ultimately  lead  to  improved  parameterization  of  small 
scale  processes  in  larger  scale  general  circulation  models  and  thus  to  a  better  assessment  of  the  role 
of  the  Arctic  Ocean  in  climate  change. 

OBJECTIVES 

Leads  are  small  scale  cracks  in  sea  ice  where  important  buoyancy  flux  processes  occur  between  the 
Arctic  atmosphere  and  ocean.  They  represent  a  small  percentage  of  overall  ice  extent  and  are 
subgrid  scale  phenomena  for  Arctic  general  circulation  models.  Because  of  their  subgrid  scale 
nature,  the  impact  of  these  important  air  sea  fluxes  must  be  parameterized  in  the  larger  models.  The 
goal  of  this  research  is  to  develop  a  better  understanding  of  Arctic  Ocean  mixed  layer  modification 
by  buoyancy  flux  from  multiple  leads  in  sea  ice. 

APPROACH 

A  high  resolution  numerical  model,  in  conjunction  with  coordinated  laboratory  experimentation,  is 
used  to  examine  convectively  driven  circulation  in  the  shallow  Arctic  mixed  layer.  The 
nonhydrostatic  numerical  model  (reported  in  Smith  and  Morison,  1998)  has  been  used  to  examine 
mixed  layer  circulations  under  stationary  and  moving  winter  lead  buoyancy  sources.  An  important 
consideration  in  recently  evolving  nonhydrostatic  ocean  models  of  this  type  is  the  subgrid  scale 
mixing  parameterization  used.  An  assessment  of  the  importance  of  these  schemes  can  be  found  by 
careful  comparison  of  numerical  results  with  comparable  laboratory  experiments.  This  type  of 
comparison  (Lavelle  and  Smith,  1996)  has  shown  that  the  importance  of  the  sub  grid  scale  mixing 
scheme  in  getting  agreement  between  numerical  and  lab  results. 

WORK  COMPLETED 

Based  on  the  conclusions  of  Lavelle  and  Smith  (1996)  it  was  decided  to  reexamine  the  results 
reported  in  Smith  and  Morison  (1998)  with  an  improved  representation  of  the  subgrid  scale  mixing. 
That  model  has  thus  been  recently  modified  to  incorporate  Smagorinsky  mixing  that  was  also  used 
in  the  Lavelle  and  Smith  study.  New  experiments  are  presently  being  explored.  Figure  1  shows  a 
preliminary  simulation  of  circulation  under  two  adjacent  stationary  leads  and  the  associated 
Smagorinsky  mixing. 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

2.  REPORT  TYPE 

4.  TITLE  AND  SUBTITLE 

Modeling  Ocean  Mixed  Layer  Flow  Under  Multiple  Lead  Fields  ii 
Ice 

6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Arizona  State  University  , Department  of  Mechanical  &  Aerospace 
Engineering, Environmental  Fluid  Dynamics 
Program, Tempe,AZ, 85287-9809 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM002252. 

14.  ABSTRACT 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF 

ABSTRACT 

OF  PAGES 

RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

3 

3.  DATES  COVERED 

00-00-1998  to  00-00-1998 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


100  200  300  400  500  600  700  Of 

a)  Salinity  (ppt)  width(m) 


100  200  300  400  S00  600  700  Of 

b!  Smaaonrahv  coetlicienl  (m2/sl.  iKidthim) 


Figure  1 


RESULTS 

This  being  my  first  year  at  ASU,  I  am  still  exploring  the  means  by  which  numerical  and  laboratory 
intercomparison  can  aid  in  understanding  of  physical  processes  and  ocean  model  representation  of 
these.  An  overview  paper  exploring  this  approach  of  small  scale  mixing  processes  in  lab  and 
numerical  studies  has  been  submitted  (Fernando  and  Smith,  1998)  upon  we  will  build  our  future 
intercomparisons. 

IMPACT/IMPLICATIONS 

It  is  hoped  that  this  type  of  lab/numerical  experimentation  will  lead  to  the  improved 
parameterization  of  small  scale  air  sea  buoyancy  flux  in  Arctic  Ocean  general  circulation  models.  I 
have  been  in  contact  with  researchers  at  NCAR  who  work  with  these  types  of  models  in  hopes  of 
establishing  a  direct  link  between  this  research  and  those  who  use  those  models. 

TRANSITIONS  RELATED  PROJECTS 

The  descent  of  negatively  buoyant  fluid  from  distributed  sources  in  laboratory  experiments  is 
presently  being  studied  at  ASU  by  Fernando  and  Colmer.  Three  dimensional,  nonhydrostatic,  high 
resolution  numerical  simulations  are  presently  being  executed  for  comparison  with  these 
experiments.  We  are  contrasting  numerical  and  lab  experiments  in  both  rotating  and 
nonrotating  systems. 


REFERENCES 


Lavelle  W.J.  and  D.C. Smith,  1996:Effects  of  rotation  on  convective  plumes  from  line  segment 
sources.  J.Phys.Oceanogr.,  26,863-872. 

PUBLICATIONS 

Fernando,H.J.S.  and  D.C. Smith,  1998:  Small  Scale  Processes  in  Geophysical  Flows  chapter  to 
appear  in  "Mixing  in  Geophysical  Flows"  Finden  and  Redondo,  ed.  Barcelona. 

Smith,D.C.  and  J.H.Morison,  1998:  Nonhydro  static  circulation  under  leads  in  sea  ice 
J.Geophys. Res. ,103,3233-3247. 


